Preliminary observations on the metabolic responses to exercise in humans, using 31-phosphorus nuclear magnetic resonance.
The new non-invasive method of 31P nuclear magnetic resonance (NMR) has been applied for the first time to human muscle. The metabolic response to exercise--a fall in intracellular pH, a fall in phosphocreatine content, and an increase in inorganic phosphate (Pi) content--occurs without any change in ATP content of the exercised muscle. Abnormal spectra occur in two myopathies examined to date: in McArdle's syndrome, pH rises during exercise, in contrast to the normal fall; and, in an unusual mitochondrial myopathy, Pi content is high, relative to phosphocreatine content, and in keeping with an excessive oxygen consumption in this patient. Intracellular pH reflected, in addition, the systemic pH of the subject; the anticipated abnormalities in muscle pH have been observed in association with lactic acidosis, renal failure and hyperventilation.